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e7-1. Determine the internal normal force and shear 
force, and the bending moment in the beam at points C and 
D.Assume the support at B is a roller. Point C is located just 
to the right of the 8-kip load. 


40 kip - ft 


Support Reactions : FBD (a). 


(+=M, =0; — B, (24)+40-8(8)=0 —B, = 1.00kip 
+TIF =0; A,+1.00-8=0 A, =7.00kip 


SF =0 A, =0 


Internal Forces : Applying the equations of equilibrium to segment AC 
[FBD (b)}, we have 


IF =0; Nc =0 


+TEE =0; 7.00-8-Ve=0 Vo=-1.00kip 


(42m, =0; Mc-7.00(8)=0 Mp =56.0kip-f Ans 


Applying the equations of equilibrium to segment BD [FBD (c)] , we have 
IF =0; Np =0 Ans 
+TIF =0; VY+l00=0 V,=-1.00kip 


(+2m, =0; — 1.00(8) +40-M, =0 
Mp = 48.0 kip - ft 
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7-2. Determine the shear force and moment at points C 
and D. 


Support Reactions : FBD (a). 


G+ 2M, =0; — 500(8) ~ 300(8) -A, (14) =0 


A, = 114.29 Ib 
500lb Z00lb 300 ib 


Internal Forces : Applying the equations of equilibrium w segment AC 
{FBD (b)], we have 


+, EF =0; Nc =0 Ans 
+TIR=0; 114.29-500-V-=0 Vo=-386lb Ans 


(+2Mc=0; Me +$00(4) - 114,29(10) = 0 
Mg = -857 lb-ft Ans 


Applying the equations of equilibrium to segment ED [FBD (c)] , we have 
+ EF, =0; Np =0 Ans 


+TIF =0; Yp-300=0 Vp) =300Ib Ans 
Ayo i429 Ib 


(2M, =0; —Mp -300(2)=0 My =-600Ib-ft Ans 
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7-3. Determine the internal normal force, shear force, and 500 Ib /ft 
moment at point C in the simply supported beam. Point C is 
located just to the right of the 1500-lb - ft couple moment. 


1500 Ib - ft 
6 ft 


Writing the moment equation of equilibrium about point A with reference to Fig. a, 
GMa =0; Fp cos 30°(12) — 500(12)(6)— 1500 = 0 Fz = 3608.44 Ib 


Using the result of Fp and referring to Fig. b, 
4=F, =0 -Nc — 3608.44sin30° = 0 Nc =-1804 Ib 
+ TSF, =0; Vc +3608.44 cos 30° - 500(6) = 0 Vo =-125 Ib 
(Mc =0; 3608.44 00s 30°(6)— 500(6)(3)- Mc =0 Mc =9750 lb-ft Ans. 


Ans. 
Ans. 


The negative sign indicates that Nc and V¢ act in the opposite sense to that shown on the free- body 
diagram. 


500 (/2) Ib 500(6) |b 


547 


7 Solutions 44918 1/27/09 10:38 AM Page 548 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*7-4, Determine the internal normal force, shear force, 
and moment at points E and Fin the beam. 


AL 
15-15 mb 1.5m-——--1.5m- 


With reference to Fig. a, 
(+24 =0; (6) +T sin45°(3) — 300(6)(3) = 0 T = 664,.92N 
+ EF, = 664.92.c0s 45°— A, = 0 A, = 470.17N 
+T 3F, =0; Ay + 664.92sin45° + 664.92— 300(6)=0 Ay = 664.92N 


Using these results and referring to Fig. b, 

SEF, =0 Ng -470.17=0 Ng =470N 

+ TSF, =0; 664.92 — 300(1.5)— Vz = 0 Vg = 215N Ans, 
G-IM; = 0; Mg + 300(1.5)( 0.75) — 664.9%1.5)=0 Mg =660N-m Ans. 


Also, by referring to Fig. c, 

4,2F, = 0 Np =0 

+T 3, = 0; Vp + 664.92 — 300(1.5)= 0 Vp =-215N Ans. 
G2Mr = 0; 664.92(1.5 )— 300(1.5)(0.75)—- Mr =0 Mr = 660N -m Ans. 


The negative sign indicates that Vr acts in the opposite sense to that shown on the free- body diagram. 


Ay=664.qn O-7om 


3000-5)N 3000-5) N 
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e7-5. Determine the internal normal force, shear force, 
and moment at point C. 


Beam : 
+ EF, 20; -A,+400=0 
A, = 400N 
Ax 
Gum, 20; 4,(5)-400(1.2) 20 


A, =96N 


Segment AC: Ay 


ER 20; Ne - 4020 
Ne =400N Ans 

+TER =0; -%- =0 A,-400N 
%=-96N Ans 

GiMe = 0; Me + 96(1.5) = 0 p5m | V, 
Me = -144N-m Ans Ay= GboN 
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7-6. Determine the internal normal force, shear force, and 
moment at point C in the simply supported beam. 


With reference to Fig. a, 
Gm, =0; By(6)- $(4(62)= 0 


Using this result with reference to Fig. c, 
A =0 Nc =0 
1 
+ TX, =0; 4~S(2K3)+ Ve =0 Vc =-1kN 


Gmc =0; 4(3)- $(2(3K1)—Mc = 0 Mc =9kN-m 


The negative sign indicates that Vc acts in the opposite sense to that shown on the free- body 
diagram. 


4(4) (6) KN 
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7-7. Determine the internal normal force, shear force, and 
moment at point C in the cantilever beam. 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. a, 


wo _ Wo _ 
me See OF We = Wo /2 
ia i.) 


With reference to Fig. b, 


4,2F, =O Nc =0 Ans, 
L) 1(woVL 3woL 
T =U; Vo- = om [on] aoe fo i= =—_—_ 
+ T ZF, =0 C & 2) 212 ho 0 Vo 3 Ans, 
w LYL lfwo Vf LYL > 
+IM c = 0; ee —| ot.| Se Fae |=) ee ee |e =——wol? 
ons c (2 (4) (2414) , ero ome 


The negative sign indicates that Mc acts in the opposite sense to that shown on the free - body diagram. 


(2) 
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*7-8. Determine the internal normal force, shear force, 
and moment at points C and D in the simply supported 
beam. Point D is located just to the left of the 5-kN force. 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b, 


With reference to Fig. a, 


(+2M14 =0; By(6)- {3 - SNH) = 0 


Using this result and referring to Fig. c, 
SF, =0, Nc=0 
+ TBF, =0; Vo +3:25-(1.5\I.5)-5=0 Vo = 2.875 kN Ans. 


1 
Gmc = 0; 3.25(4.5) - 561 -SX1-5X0.5)— X1.5)-Mc =0 Mc =6.56kKN-m Ans. 


Also, referring to Fig. d, 

+ =F, =Q@ Np =0 

+T =F, =0; Vp + 3.25-5=0 Vp =1.75 kN Ans, 
(+p =O 3.25(3)-Mp Mp=9.75kN-m Ans. 
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e7-9. The bolt shank is subjected to a tension of 80 Ib. 
Determine the internal normal force, shear force, and 
moment at point C. 


SER, =0; Nct8020 Ne=-80lb Ans 


+TER, =0; Y%=0 Ans 


(+EMc =0; © Mc+80(6)=0  Mc=—4801b- in, Ans 
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7-10. Determine the internal normal force, shear force, 
and moment at point C in the double-overhang beam. 


k—-1.5m—-—-1.5m—-—-1.5m 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b, 


YC. o> cn we =2kN/m 
4.5 


3 


With reference to Fig. a, 
(Mp = 0; SHA5x 1.5)- 5X 1.5(0.5)—A y(3 =0 
SF, =@ A, =0 
Using the results of A , and A y and referring to Fig. c, 
43, = 0 Nc =0 


1 
+ T EF, =0; 3~ 5(2X3)-Ve =0 


(Mc =0; Mc + $(2)8K1)- 3(1.5) = 0 
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7-11. Determine the internal normal force, shear force, 
and moment at points C and D in the simply supported 
beam. Point D is located just to the left of the 10-kN 
concentrated load. 


6kN/m 


Siabttetitebise 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. 5, 


we, © - 
ia S or wc =3kN/m 


With reference to Fig. a, 
C124 =0; By(6)~ 10(4.5)- 3 (6X3X1)= 0 
(1s =0; 5 (KKS)+ 10(1.5)—Ay(6)= 0 
42, =@, A, =0 
Using these results and refering to Fig. c, 
4,2F, =@ Nc =0 
+T 3h, =0; 10- <(3\1.5)- X1.5)-VYo =0 Vo = 3.25 kN 
CM =0; Mc + X1.5(0.75)+2-(K 1.5K) 1011.5) = 0 Mc =9.375KN-m_ Ans. 
Also, by referring to Fig. d, 
42F, =@, Np =0 


+ TER, =0; Vp +9-10=0 
CMD =0 9(1.5)-Mp =0 


3(6)(3) KN 
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*7-12. Determine the internal normal force, shear force, 
and moment in the beam at points C and D. Point D is just 0.5 kip/ft 
to the right of the 5-kip load. 


5 (6) + 6 (18) --A, (24) = 0 
A, = 5.75 kip 


A =0 


Ne =0 Ans 
5.75-3-Y%=0 
Ye =2.7Skip Ans 
Mc + 3(3) ~ 5.75 (6) = 0 


Me = 2S.Skip- ft Ans 


0-502)=6kie 5KkipP 


“EF, 20; Np =0 Ans 

+TIR, 50; 5.75-6-S5-%=0 
% = -S.2Skp Ans 

(2% 20; Mp + 6(12) - 5.75(18) = 0 


Mp = 31.Skip- ft Ans 
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e7-13. Determine the internal normal force, shear force, 250 N/m 
and moment at point D of the two-member frame. 7" 
SeEeESeeeerreee 


—s 


250(4)=/000 N 
B, (4) - 1000(2) = 0 


B, = SOON 


— 500 (4) + 225 (0.5) + B, (1.5) = 0 


B, = 1258.33 N 


Segment DB : 

SIF, = 0;  — Np+ 1258.33 20 
Np = 1.26kN Ans 

+TIF = 0; % - 500+ 500 20 
%=0 Ans 

GEM> = 0; - Mo + 500(1) = 0 


Mp = SOON-m Ans 


250(2)=500N 
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7-14. Determine the internal normal force, shear force, 250 N/m 
and moment at point E of the two-member frame. . { | | | | | | | | | | | | i 
) e 


mart 250(4)=/000N 
GoM, = 0: — B, (4) - 1000(2) = 0 
B, = SOON 
Member BC: 
GEMc = 0; = 500(4) + 225 (0.5) + B, (1.5) = 0 
B, = 1258.33N 
Segment EB : 
EF, =0; = Ng- 1258.33 - 225 =0 
Ng = ~ 1.48KN Ans 
+TER, = 0; %- 50020 
% = SOON Ans 
(-2Me = 0: ~ Mg + 225 (0.5) + 1258.33 (1.5) - 500(2) = 0 


My = 1000N-m Ans 
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7-15. Determine the internal normal force, shear force, 


300 Ib /ft 
and moment acting at point C and at point D, which is 


200 Ib /ft 200 Ib /ft 
located just to the right of the roller support at B. | | | | | | | (D 
res A y 


E 


Support Reactions : From FBD (a), 


G™ =0; —B, (8) + 800(2) - 2400(4) - 800(10) =0 
B, = 2000 lb 


20044) =Go0lb 3008)%2400Ib ro0%4)-200), 


Internal Forces : Applying the equations of equilibrium to segment ED 
[FBD (b)], we have 


4 2F =0; Np =0 
+TEE=0; V-800=0 Vy=800lb 


(+ 2Mp =0; — -Mp-800(2) =0 
Mp = —1600 Ib- ft = ~1.60 kip- ft Ans 


Applying the equations of equilibrium to segment EC [FBD (c)] , we have 


+ EF =0; Ne =0 Ans 


+TIE =0; V¢+2000-1200-800=0 Y%=0 Ans 


Gxm-=0; — 2000(4)- 1200(2) -800(6) - M; = 0 
Mg = 800 Ib- ft 


*7-16. Determine the internal normal force, shear force, 
and moment in the cantilever beam at point B. 


Free body Diagram : The support reactions at A need not be computed. 


Internal Forces : Applying the equations of equilibrium to segment CB, 
we have 


SIE = 0; N, =0 
+TIF =0; Vg-28.8=0 Vy =28.8kip 


(+5M, =0; -28.8(4)-M, =0 
My =~115 kip- ft 
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e7-17. Determine the ratio of a/b for which the shear force 
will be zero at the midpoint C of the double-overhang beam. 


Support Reactions : . From FBD (a), 


1 1 
(+=, =0; 5(2a+b)w[ 5(b-2)]~A, (6) =0 


A, = 5 (2a+8)(b-a) 


Internal Forces : This problem requires V- = 0. Summing forces 
vertically [FBD (b)], we have 


+T ER =0; H(2arb0(b-a)~ (ar 3 )(Z) <0 


w 
Bp (20+) (0-0) = = (2046) 


b 4 
Ay? zp (2ath)(b-a) 
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7-18. Determine the internal normal force, shear force, 
and moment at points D and E in the overhang beam. Point 
D is located just to the left of the roller support at B, where 
the couple moment acts. 


k+—— 3 ——45 m-*1.5 m> 


The intensity of the triangular distributed load at Ecan be found using the similar triangles in Fig. b. 
With reference to Fig. a, 


(+2M 4 =0; By(3)—2(3X(1.5)~ 6- $(2\(34)- {2\o- 0 
By = 15KN 


Using this result and referring to Fig. c, 

+ =F. =0 4)-% =0 Np =4kN 
1 3 

+ TF, =0; Wp +15-Zax9)-52}=0 Vp =-9kN 


(Mp =0, “Mp -6- Layaxi)- 2 |3)=0 Mp=-18kN-m Ans. 


Also, by referring to Fig. d, we can write 


+ =F, =0, (<)-Ne =0 Ng =4kN 


+T 2K, =0; Ve -F0115)-{2}=0 Vg = 3.75 KN 


GMs = 0; -ME ~50001.5,0.5)- {2)15 =O M,=-4.875kKN-m Ans, 


The negative sign indicates that Vp, Mp, and M, act in the opposite sense to that shown on the free - body 
diagram. 
2CB)EN 1h (ay(3) kN 


psn SOME) kM 
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7-19. Determine the distance a in terms of the beam’s 
length L between the symmetrically placed supports A 
and B so that the internal moment at the center of the 
beam is zero. 


In this problem, it is required that the internal moment at point C be equal to zero. With reference 
to Fig. a, 


(2M 4 = 0; By(a)-hwo +( Jed [ 4-$}=0 


By 


1 
=—woLl 
4 0 


Using this result and referring to Fig. 5, 
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*7-20. Determine the internal normal force, shear force, 
and moment at points D and E in the compound beam. 
Point E is located just to the left of the 10-kN concentrated 
load. Assume the support at A is fixed and the connection at 
Bisapin. 


P D 
1.5 m—}--1.5 m>}-1.5 m—>}--1.5 m 


With reference to Fig. b, 

+ =F, =@ B,=0 
(+2Mp = 0; Cy (3 - 10(1.5)= 0 
(+Mc =0; 10(1.5)— B,(3)=0 


Using these results and referring to Fig. c, 

=F, =G Np =0 

+ T XK, =0; Vp — 20.5)- 5=0 Vp = 8kN Ans. 
Gp =0 =M p — X1.5)(0.75)— 5(1.5)= 0 M p = -9.75kN -m Ans. 


Also, by referring to Fig. d,° 

SSF, =O Ng =0 Ans. 
+ T 3K, =0; Ve —10+5=0 Vg = 5 kN Ans. 
GME =0; 5(1.5)-Mg =0 Mg =7.5kKN-m Ans. 


The negative sign indicates that Mp acts in the opposite sense to that shown in the free - body 
diagram. 


(2) 


075m 2115) KN 
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e7-21. Determine the internal normal force, shear force, 500 Ib 

and moment at points F and G in the compound beam. Point 2 ft--> # 
Fis located just to the right of the 500-lb force, while point G r 7 
is located just to the right of the 600-Ib force. 


With reference to Fig. b, 
52K, =O D,=0 


Using this result and writing the moment equation of equilibrium about point A, Fig. a, and 
about point E, Fig. b, we have 

(42M, = 0; Dy(6)— Fac (4)— 500(2)= 0 () 

(+Me =0; 600(2)+ D,(4)— Fac (6)= 0 


Solving Eqs. (1) and (2) 
Fac = 560 Ib Dy = 540 Ib 


Using these results and referring to Fig. b, 
+ TF, =0; Ey — 600— 540+ 560 =0 Ey = 580 Ib 


Again, using the results of D,, Dy, and Fac, the force equation of equilibrium written along 
thex and y axes, Fig. a, 

42h, =0 Ay =0 

+ TER, =0; Ay — 500- 560+ 540 = 0 Ay = 5201b 


Using these results and referring to Fig. c, 

SEK =O Ne =0 

+ TER, =0; 520-500—Ve =O Vp =20 Ib 
(+2; =0; Mr — 520(2)=0 Mr =1040 lb-ft 


Using the result for Ey and referring to Fig. d 

+ 3F, =0, Ng=0 

+ T EK, =0; Vg +580=0 Vg =-580 Ib 
(+2M =0: 580(2)— Mg =0 Mg =1160 Ib-ft 


The negative sign indicates that Vg acts in the opposite sense to that shown in the free- body 
diagram. 
500 |b 


Ve 
Me et 4 
Nj 
Aft 


Ey =580 /b 
(A) 
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7-22. The stacker crane supports a 1.5-Mg boat with the 
center of mass at G. Determine the internal normal force, 
shear force, and moment at point D in the girder. The trolley 
is free to roll along the girder rail and is located at the 
position shown. Only vertical reactions occur at A and B. 


With reference to Fig. a, 
(42m A =9; By(9)— 1500(9.81)(3.5+3)=0 By = 10627.5N 


Using this result and referring to Fig. b, 

4,2F, =0 Np =0 

+T =F, = 0; Vp + 10627.5 = 0 Vp =-10627.5N =-10.6kKN Ans, 
GiMp =@ 10627.(4)-— Mp =0 M p = 42510 N-m=42.5kN-m 


The negative sign indicates that Vp acts in the opposite sense to that shown on the free- body diagram. 
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7-23. Determine the internal normal force, shear force, 
and moment at points D and E in the two members. 


With reference to Fig. a, 
(2m A =0; Fac (200s 30°) — 60(2.cos 30° + 0.75) = 0 
Fac = 85.98N 


Using this result and referring to Fig. b, 
yw’ =0; Np =0 
+h 38, = 0; 85.98-60-Vp =0 Vp = 26.0N 
(2M p =a 85.98(1)— 60(1.75)+Mp =0 Mp=19.0N-m 


Also, be referring to Fig. c, 
te 3F =0; Ve =0 
+\ 38 =0; Ng -85.98=0 
(Me = 0; Mz =0 
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*7-24, Determine the internal normal force, shear force, L15ft | 15 ft | 15 ft | 15 ft 
and moment at points F and E£ in the frame. The crate | 
weighs 300 Ib. = 


With reference to Fig. a, 


(2m, =0; Fac (S}o+ 300(0.4)-300(6.4)=0 Fac =7501b 


Referring to Fig. b, 

42%, =0 -N ¢ —300=0 Neg =-300 Ib 
+ T XK, =0; Vg —300=0 Ve = 300 Ib 
(Me =0; -M gf +300(0.4)— 300(1.9)=0 Mpg =-4501b -ft 

Using the result of Far and referring to Fig. c, 


+2, =0 7si{2)- 300- Np =0 Np = 1501b 
+T 2K, =0; Vp +73i{ 2}-300=0 Vp = ~300Ib 


(2"r =0; 730(4 a 5)+ 300(0.4)- 300(4.9)-M =0 
Mp =-4501b-ft Ans. 


The negative sign indicates that Nr , Vr, and M, act in the opposite sense to that shown in the free - body 
diagram. : 
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e7-25. Determine the internal normal force, shear force, 
and moment at points D and E of the frame which supports 
the 200-lb crate. Neglect the size of the smooth peg at C. 


Referring to Fig. a, 

+ =F, = Vp =0 

+ T XA, =0; Np - 200=0 
(+2M p =0; M p —200(4.5) = 0 


Also, by referring to Fig. b, 


+ =F, =G : Ve = 120 1b 


+ T 2K, =0; : Ng = 360 Ib 


(+2 g = 0; Mg =1140 lb-ft Ans. 
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7-26. The beam has a weight w per unit length. Determine 
the internal normal force, shear force, and moment at point 
C due to its weight. 


With reference to Fig. a, 
(+2M 4 =0; B,(Lsin@)— wl cos0 (=) =0 B, 


Using this result and referring to Fig. b, 
wL cos@ L). wL 
6)- — = =_—_—— 
“m6 (cos @) o{ & sina 0 No 7) cscO 
2sin 


2sin@ \ 2 


The negative sign indicates that Nc acts in the opposite sense to that shown on the free- body 


diagram. 
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7-27. Determine the internal normal force, shear force, 
and moment acting at point C. The cooling unit has a total 
mass of 225 kg with a center of mass at G. 


From FBD (a) 
(+=m =0; 7) (6)—225(9.81)(3)=0 7, = 1103.625N 


From FBD (b) 

(+EMo=0;  Tesin 30°(6)~ 1103.625(6)=0 Tq = 2207.25N 

From FBD (c) 

“EF, =0;  -Ne—2207.25 cos 30°=0 Ne = 1.91 KN Ans 
+TEF,=0;  %+2207.25 sin 30°-1103.625—@0 Y%=0 Ans 
(+EMe =0; 2207.25 cos 30°(0.2)+ 2207.25 sin 30°(3) - 1103.625(3)-Mc = 0 


Me =382N-m Ans 


h=220725N 
Me Ve O.2M_ 30° 


757//03-625N 
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*7-28. The jack AB is used to straighten the bent beam 
DE using the arrangement shown. If the axial compressive 
force in the jack is 5000 Ib, determine the internal moment 
developed at point C of the top beam. Neglect the weight of 
the beams. 


Segment : 


(iMe = 0; Mc + 2900(10) = 0 


Mc = -25.0kip-ft Ans 


R=Z2500|b 5000|b 


loft \ 


R=2500 |b 
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e7-29. Solve Prob. 7-28 assuming that each beam has a 
uniform weight of 150 lb/ft. 


Beam : 


+TEF, =0; 5000 - 3600-2R = 0 


R = 700lb 


Segment : 


(eM = 0 Mc + 700(10) + 1800 (6) = 0 


Mc = -17.8kip- ft Ans 


150(24-)= 3600 Ib 


R 
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7-30. The jib crane supports a load of 750 lb from the 
trolley which rides on the top of the jib. Determine the 
internal normal force, shear force, and moment in the jib at 
point C when the trolley is at the position shown. The crane 
members are pinned together at B, E and F and supported 
by a short link BH. 


Member BFG : 


(+2Ma = 0: Far ) (4) = 750 (9)+375(1) = 0 


Fp = 2656.25 tb 
EF, = 0; - B, + 2656.25 (2)-375 = 0 

B, = 1750b 
+TEy = -B, + 2656.25 (2) ~ 750 =0 


B, = 843.75 lb 


Segment BC : 
EF, 20; Ne - 1759020 
Ne = 1.75kip = Ans 
+TIR 20; - 843.75-K% =0 
= - 844 Ans 
(rime = 0; Me + 843.75(1) = 0 


Mo = -H4b-N Ans 
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7-31. The jib crane supports a load of 750 lb from the 
trolley which rides on the top of the jib. Determine 
the internal normal force, shear force, and moment in the 
column at point D when the trolley is at the position shown. 
The crane members are pinned together at B, E and F and 
supported by a short link BH. 


Member 8FG : 


(My = 0 Fer G) (4) - 750 (9)+375(1) = 0 


Fer = 2656.25 lb 
Entre Crane : 
(=m =0; 1, (6) - 750(9)+375(7) = 0 


T = 687.5 b 


EF, 20; A, = 6875-375 20 
A: = 1062.5 Ib 
+T2R 20; A -75020 
A, = 7501b 


Segment AED : 
3 

+TZR 20; Np + 730 ~ 265625 (>) 0 

Np = 8441b- Ans 
SEF, = 0; 1062.5 - 2656.25 (2) + = 0 

% = 1.06kip Ans 

4 

(+2M> = 0; ~ Mp - 2656.25 (=) (2) + 1062.5 (5) = 0 


Mp = 106kip-ft Ans 
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*7-32. Determine the internal normal force, shear force, 
and moment acting at points B and C on the curved rod. 


°F, = 0; 
NEF, = 0; 


G+EMs = 0; 


Also, 


( +2Mo = 0; 


SER = 0; 
+TER = 0; 
C+EMm, = 0; 


+\ IF, = 0; 


+ALXF, = 0; 


(Me = 0; 


Also, 


(+EMo = 0; 


400 sin30° - 300cos 30° + Ng = 0 
Ng = 59.81 lb = $9.8 lb Ans 
VW + 400cos 30° + 300sin 30° = 0 


% = —496 lb Ans 


Mg + 400(2 sin30°) + 300(2-2 cos30°)= 0 


My = -480 1b: ft Ans 


—59.81(2) + 300(2) + My = 0 
My = -480 lb: ft Ans 

A, = 400 Ib 

A, = 300 Ib 

My — 300(4) =.0 

M, = 1200 Ib- ft 
Ne + 400 sin45* + 300 cos45° = 0 
Ne = —495'lb Ans 
Ve — 400 cos45° + 300 sin4s° = 0 


Ve = 70.7 ib Ans 


—Me —1200 — 400(2 sin45°) + 300(2 ~ 2 cos45°)= 0 


Mc = -1590 Ib: ft = —1.59 kip- ft 


— 1200-495(2) + 300(2) - Mc = 0 


Me = -1590 Ib: ft = -1.59 kip: ft 


Ans 
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7-33. Determine the internal normal force, shear force, 
and moment at point D which is located just to the right of 
the 50-N force. 


Referring to Figs. a and b, respectively, 
(+2, = 0; By (0.6 + 0.6sin30°)+ B,( 0.6cos30° ) — 50(0.6— 0.6cos 30°) = 0 
—50(0.6 — 0.6.cos 60°) — 50(0.6)= 0 
(Mc =0; By (0.6 — 0.6.cos 60°)— B,.(0.6sin 60°) + 50(0.6— 0.6c0s 30°)=0 (2) 


Solving Eqs. (1) and (2) yields 
B, = 2939N By =37.5N 


Using these results and referring to Fig. c, 
+ =F, =O, -Np — 2939=0 Np =-29.4N 
+ TF, =0; 37.5—Vp =0 Vp =37.5N 
(=m p= 37.5(0.6 sin30°) — 29.39(0.6 — 0.6cos 30°)— Mp =0 
Mp =8.89N-m 
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7-34. Determine the x, y, z components of internal loading 
at point C in the pipe assembly. Neglect the weight of the 
pipe. The load is F, = {—24i —10k} lb, F, = {—80i} lb, 
and M= {—30k} lb-ft. 


Free body Diagram : The support reactions need not be computed. 


Internal Forces : Applying the equations of equilibrium to segment BC, 
we have 


EE =0; (VY), -24-80=0 (Ve), = 104 1b 
EF =0; Nc =0 
LE =0; (Ve),-10=0 (Ve), = 10.01b 


EM,=0; (Mc),-10(2)=0 (Mc), =20.01b-ft Ans 


EM,=0; (Mc),-24(3)=0 (Mc), =72.01b-ft Ans 


=M,=0; (Mc), +24(2) +80(2)-30=0 
(Mc), =—178 lb-ft 


7-35. Determine the x, y, z components of internal loading 
at a section passing through point C in the pipe assembly. 
Neglect the weight of the pipe. Take F, = {350j — 400k} Ib 
and F, = {150i — 300k} lb. 


IF, = 0; Fo +F, +R =0 
F, = {-150i — 350j + 700k} Ib 
G = -1501b Ans 
G, = -350Ib Ans 
CG = 700 Ans 


Me + tq X Fi +1. F, =0 


ij k ij k 
Me + {3 2 a |. 0 2 0 | =e 
0 350 -4 150 0 -3 


Me = {1400i — 1200j — 750k} Ib-ft 
1.40 kip- ft Ans 
= -1.20 kip-ft Ans 


—750 lb-ft Ans 
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*7-36. Determine the x, y, z components of internal loading at 
a section passing through point C in the pipe assembly. Neglect 
the weight of the pipe. Take F,; = {—80i + 200j — 300k} Ib 
and F, = {250i — 150j — 200k} lb. 


E+K +E =0 

Fy = {-1701 — 50j + 500k} Ib 
G = -170b Ans 

G = -50Ib Ans 


G= 50b Ans 


Mo +1 KF, + tmx K, = 0 


ij k ijk. 
Mo+|3 2 o|+o 2 o| =e 
-80 200 - 250 ~150 -20 


M, = {1000i — 900j — 260k} Ib-ft 


M,, = 1 kip-ft Ans 


Mcy = 900 Ib-ft Ans. 
Mc, = -260 Ib-ft Ans. 
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e7-37. The shaft is supported by a thrust bearing at A and 
a journal bearing at B. Determine the x, y, z components of 
internal loading at point C. 


With reference to Fig. a, 
IM, = B,(3) — 9001) — 75001) = 0 
2M, =0; 750(2)+ 600(2)— B,(3)= 0 


Using these results and referring to Fig. b, 

2F, =0; (Vc)x + 900— 750- 600=0 (Vc), = 450N 

=F, =0; Nc=0 

=F, = 0; (Vc )z + 550=0 Vc), =-550N 


XM, =0; (Mc), +550(1.5)= 0 (Mc), =-825N-m Ans, 
IMy =0; To +600(0.2)— 7500.2)=0 T=30N-m Ans. 
2M, = 0; (Mc), + 750(0.5) + 600(0.5)— 900(1.5)= 0 
(Mc), = 675N-m Ans. 


The negative signs indicate that (Vc), and (Mc ), act in the opposite sense to those shown in the 
free- body diagram. 
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7-38. Determine the x, y, z components of internal loading 
in the rod at point D. There are journal bearings at A, B, 
and C. Take F = {7i — 12j — 5k} KN. 


Support reactions: © FBD (a) 

IM 20; = B,(0.4)+A,(1)-C, (0.75)-5(1)=0 (1) 
EM 20, A(1)+G(0.75)=0 (2) 

EM =0; -8, (0.4)-A,(1)-7(1)-3=0 (3) 
IF,=0; G+B,+7=0 (4) 

2R20; G+A-12=0 (5) 

ER=0; B+A-5=0 (6) 

Solving Eqs. (1) to (6) yields : 

G=-116KN: B, =109KN A, =87.0KN 

A, =-S3.6KN C6 =65.6kKN B, =-82.0kN 
Negative signs indicate that the support reactions act in the opposite sense to those shown 
oa FBD (a). 

From FBD (b) 

ZF, =0; (Y)s-116=0; (),=116KN Ans 
EF, =0; (Np) +65.6=0; (Np), =-65.6KN Ans 
ZF =0; (%),=0 Ans 


ZM=0; (Mp), -65.6(0.75)=0; (Mp); =49.2KN-m Ans 


EM =0; (Mp), -116(0.75)=0; (Mp), =87.0kKN-m Ans 


TMq=0; (Mp), -116(0.2)~3 =0; (Mp), =26.2KN-m Ans 
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7-39. Determine the x, y, z components of internal loading 
in the rod at point E. Take F = {7i — 12j — 5k} KN. 


Support reactions:  FBD (a) 
B, (0.4) +A, (1)—G, (0.75) -5(1) =0 
A (1)+G(0.75)=0 (2) 
-B, (0.4)-A,(I)-7(1)-3=0 = (3) 
G+Be+7=0 (4) 
G+A,-12=0 (5) 
ZR=0; B+A4-5=0 (6) 
Solving Eqs. (1) to (6) yields : 
CG, =-116KN 8, =109KN A, =87.0kKN 


A, =-53.6KN ©, =65.6kKN  B, =-82.0kN 


Negative signs indicate that the support reactions act in the opposite sense to those shown 
on FBD (a). 
From FBD (b) 


=F, =0; (Ng): = Ans 
EF, =0; (Y)y-53.6=0; (Y%), =53.6KN Ans 
(Ye): +87.0=0; (Ve), =-87.0KN Ans 
(Mz); =0 Ans 
(Mg)y +87.0(0.5)=0; (Mg), =-43.5KN-m Ans 


(Mg), +53.6(0.5)=0; (Mg), =-26.8KN-m Ans 
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*7-40. Draw the shear and moment diagrams for the 
beam (a) in terms of the parameters shown; (b) set 
P = 800 Ib, a = Sft, L = 12 ft. 


+TIE =0; 
(+=M = 0; 
For a<x<L-a 
+TIE =0; v=0 Ans 


\+=M = 0; -Px + P(x-@+M=0 


—- M+ P(L-x) = 0 
M= P(L-x) 
(bt) SetP=800lb, a=Sf, L=12f 


For Os x<Sft 


+TIE =0; 


(+=M = 0; 
For 5ft <x <7f 


+TIE =0; 
| +=M = 0; —800x + 800(x-5)+#M=0 


M = 4000 Ib-ft Ans 
For 7ft <x 12ft 


+T=E =0; V = -800 Ib 
( +=M = 0; - M+ 800(12-—x) = 0 


M = (9600 — 800x) lb-ft 
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e7-41. Draw the shear and moment diagrams for the 
simply supported beam. 


Since the loading discontinues at the 9- KN concentrated force, the shear and moment equations must be written for the 
regions 0 < x <4m and 4m <x < 6m of the beam. The free - body diagrams of the beam's segment sectioned through 
the arbitrary points in these two regions are shown in Figs. b and c. 


Region 0 < x <4m, Fig. b 
+ T 3K, =0; 3-V=0 
(+2 = 0; M -3x=0 


Region 4 m < x <6m, Fig.c 
+T 3F, =0; V+6=0 V =-6kN (3) 
(+2M = 0; 6(6- x)- M=0 M ={36—6x}kN -m (4) 


The shear and moment diagrams in Figs. d and e are plotted using Eqs. (1) and (3), and Egs. (3) and (4), respectively. 
The values of the moment at x = 4 m are evaluated using either Eqs. (2) or (4), 


M24 m = X4) =12 KN-mor M|,_4,, = 36-6(4)= 12kKN-m 
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2m 
By= @ KN 
(2) 


y” 0 <x<4m (ph) 


I. 
Ay =3 KN 


mV 
C) 4m<x<Gm (} 
6 


x 
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7-42. Draw the shear and moment diagrams for the beam 
ABCDE. All pulleys have a radius of 1 ft. Neglect the weight 
of the beam and pulley arrangement. The load weighs 500 Ib. 


Support Reactions : From FBD (a), 


(+2M, =0; © B,(15)-$00(7)-500(3)=0  &, = 333.33 b 
+TIER=0; A, +33333-500=0 A, = 166.67 b 


Shear and Moment Diagrams : The load on the pulley at Dcan be 
replaced by equivalent force and couple moment at D as shown on FBD (b), 


M(lb-fe) 


1000 Ib Fy2333:3 
(b) 
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7-43. Draw the shear and moment diagrams for the 
cantilever beam. 


The free - body diagram of the beam's right segment sectioned through an arbitrary point shown in Fig. a will be used 
to write the shear and moment equations of the beam. 


+ TF =0; V-2%2-x)=0 V ={4—2x} kN (dl) 


+IM = 0; —-M -2(2 -»[0-»]-6= 0 M ={-x? 4+4x—- 10} KN -m (2) 


The shear and moment diagrams shown in Figs. b and c are plotted using Eqs. (1) and (2), respectively. The value of the 
shear and moment at x = 0 is evaluated using Eqs. (1) and (2). 


Vi .<9 = 4-2(0) = 4KN 
M,-0 =[-0+4(0)— 10] = -10kN-m 
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*7-44. Draw the shear and moment diagrams for the 
beam (a) in terms of the parameters shown; (b) set 
My = 500N-m,L = 8m. 


(a 
+TIF, = 0; -B-vso 
va-% Ans 
GEM = 0; M+ Beno 
m=-"Bs Aus 
F<xSb 
+tzy 20 -“B-va0 


Mo 
V= L Ans 


(2M = 0: M+ Oe Me =0 


we(-) 


(0) When My = SOON: mandL = 8m 


VON) 


. X(m) 
-62-5 


M (Nm) 


A250 
4 
0 
8 
-260 
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07-45. If L = 9m, the beam will fail when the maximum 
shear force is Vinay = 5 KN or the maximum bending 
moment is Max = 22 KN-m. Determine the largest couple 
moment M, the beam will support. 


L 
(a) Oss<5 


+TIF, = 0; -B-veo 


Ans 


F<xSh 


str 20 -“B-va0 


(EM = 0; 


My = 44KN- m 
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7-46. Draw the shear and moment diagrams for the 
simply supported beam. 


Since the loading is discontinuous at the midspan, the shear and moment equations must be written 
for regions 0 < x <L /2andL/2<x < Lof the beam. The free - body diagram of the beam' s segments 
sectioned through arbitrary points in these two regions are shown in Figs. b and c. 


Region 0 < x <5. Fig. b 


; 3 3 
+ TX, =0; qvol —wor-V=0 zL-s) 


(+2 =0; M +wo{ 3 - SwoL(x) =0 


Region L /2<x < L, Fig.c 


woL 


afi = woL 
+T XK, =0; ey = eee 


8 


(+20 = 0; “O° (L-x)-M=0 M= “Oh x) (4) 


The shear diagram is plotted using Eqs. (1) and (3). The location at where the shear is equal to zero can be 
obtained by setting V = 0 in Eq. (1). 


0= wot -1] x=—L 
8 8 


The moment diagram is plotted using Eqs. (2) and (4). The value of the moment atx = aL (V = 0) can be 
evaluated using Eq. (2). 


“eee 


The value of the moment at x = L/ 2 is evaluated using either Eqs. (3) or (4). 
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7-47. Draw the shear and moment diagrams for the 
simply supported beam. 


The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. 


+ T XK, =0; 525 -—300x -V =0 V ={525— 300x}kN (1) 


+IM = 0; a +300 £)- s2se-300=0 M ={-150x? + 525x+ 300}N +m (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. The location 
where the shear is equal to zero can be obtained by setting V = 0 in Eq. (1). 
0= 525- 300x x=175m 


The value of the moment at x = 1.75 m ( V = 0) can be evaluated using Eq. (2). 


M24 75m = ~ 1501-75) + 5251.75) + 300 = 759N -m 
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*7-48. Draw the shear and moment diagrams for the 
overhang beam. 


Osx<Sm: 
+TIR =0, 2$-2x-V=0 


V=a25-2xz 


(rm = 0, M+2x(52)-252=0 


M225x-2 
Sm<x< 10m: 
+TER, =0; 25-10-V =0 
V=-75 
um = 0, M+10@-25)-25s =0 


M = -7.5x+25 
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e7-49. Draw the shear and moment diagrams for the 
beam. 


Osx<Sm: 


+TIF =0; 25-2x-V 20 


V22S-2x 
(zm = 0: M+2x(i2)-252=0 


M225x-2 
Sm<x< 10m: 
+TIF, =0; 25-10-V =0 
V=-75 
GEM = 0; M+ 10@-2.5)-25r- 590 =0 


M = -7.5x+75 


hy = 2.50 kN 
2(5)=/0 KN 
X-2. 
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7-50. Draw the shear and moment diagrams for the beam. 


250 Ib /ft 


(apellaiala) 


150 Ib - tt 


ae {150 Ib - ft 


— 5000(10) + B,(20) = 0 


2500 Ib 


0 
— 5000 + 2500 = 0 


1S0utt 
A, = 2500 Ib f 
2,500 
For Os xs 20ft (4) 
2,500 
+TER = 0; 2500 — 250x - V = 0 ‘ 
V = 250(10-x) Ans m(4-{t) 12,350 -2,500 


( +EM = 0; ~2500(x) + 150 + 250x(5) +M=0 


0.0602f¢ 
M = 25(100x — 5x” - 6) 
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7-51. Draw the shear and moment diagrams for the beam. 1.5kN/m 


+TEE, = 0; 075 - 3 2(052) -V =0 


V = 0.75 - 0.25<* 
V = 020.75 - 0.252 x 


x= 1732m O.7S hw 


(xm = M+ () (052) wo (5+) - 0.152 20 


M = 0.75. - 0.08333" 


Mazz 2 0.75 (1.732) — 0.08333 (1.732)? = 0.866 
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*7-52. Draw the shear and moment diagrams for the 150 Ib /ft 
simply supported beam. 
, Ib - ft 


GB 


The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. The intensity of the triangular distributed load at the point of sectioning is 


w= is = \=125 
12 


Referring to Fig. b, 
1 
+T iF, = 0; 275 — 7 l2.5x Xx) — v=0 V ={275- 6.25x" } Ib (1) 


(+2 =0;M +5(12.5e x0( 4) -275x =0 M ={275x —2.083x7} lb-ft (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. The location 
where the shear is equal to zero can be obtained by setting V = 0 in Eq. (1). 


0 = 275- 6.25x" x= 6.633 ft 


The value of the moment at x = 6.633 ft (V = 0) is evaluated using Eq. (2). 
M|,<6.633 fe = 276.633) — 2.083(6.633)> = 1216 Ib-ft 
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ZUi50)ia)Ib 


) s00ibfe 


Ay=275 |b By= 625 /b 
(A) 


LEXI 
w/ 
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e7-53. Draw the shear and moment diagrams for the beam. 


30 Ib /ft 


180 Ib - ft 


Osx<9ft: 


+TER =0; 25-3G.339G)-V =0 


V = 25 - 1.667% Ans 


V=0 = 25 - 1.6672 


x= 3.87 


(2M 20; M+ 5.33290 (%) -25x=0 


M = 25x-0.5556x° Ans 


Mpax = 25 (3.87) — 0.5556 (3.87)° = 64.5 Ib: ft 
9 ft<x< 13.5 ft: 
+TER =0; 25- 135+ 110-V =0 


vV=0 Ans 


(2M = 0; — 25x + 135(x-6)— 110(¢-9)+M =0 


M = — 180 Ans 
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7-54. If L = 18 ft, the beam will fail when the maximum 
shear force is Vax = 800 1b, or the maximum moment is 
Max = 1200 1b-ft. Determine the largest intensity w of 
the distributed loading it will support. 


For O<a<L 


+T BF, =0; 


w = 88.9 Ib/ft 


i = wL? | 
mor = ~~ 


6 


—w(18)? 


— 1200 = 73 


w = 222 Ib/fht 


w 
anil, si? 
b - 

wh 

| Zz 
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7-55. Draw the shear and moment diagrams for the beam. 4 kip /ft 


Support Reactions : From FBD (a), 


(+ =M, = 0; M, -48.0(12)=0 MM, =576 kip-ft 
+TIF=0; A,-48.0=0 A, =48.0kip 


Shear and Moment Functions : For 0S x < 12 ft [FBD (b)], 


x? 
+TIE =0; 480-—-V=0 Hoe) 
v={eo-=} kip 


- 


x 
3x 
V 3 (b) 
[5m 


M= {48.0 = - sis} kip ft tfe4-n)] 24x) 


2 
GEM =0; a+ —(5)+576-48.0% =0 —— 


For 12 ft<x $24 ft (FBD (c)], 
ipl 
+TIE =0; v-3[ 5024-0 24-0 =0 
va{ics-2'} kip 


24-x 


(+2 =0; ~3[ 5(24-2) fcas-n)( )-m=0 


we (| (24~ x)" kin. 
Ma {24-2} eip- 
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*7-56. Draw the shear and moment diagrams for the 


200 Ib /ft 
cantilevered beam. 


The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. The intensity of the triangular distributed load at the point of sectioning is 


x 
w= a0 =) = 33.3% 


Referring to Fig. b, 
+T XR, = 0; -300- 5(23-33x)(2)- v=0 V ={-300~ 16.67x"} Ib 


fm =0;M +5(23.320%9{ 2} +300% =0 M ={-300x— 5.556x> } Ib-ft (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. 
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X (ft) 


shear diagram ~ 700 
M(Ib- ft) (€) 


LG) 


-3000 


Moment Aiagram 
(d) 


300lh + (33,33x)x 
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e7-57. Draw the shear and moment diagrams for the 
overhang beam. 


Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions 0 < x <3 mand 3m <x < 6 m of the beam. The free - body diagram of the beam' s segment 
sectioned through an arbitrary point within these two regions is shown in Figs. b and c. 


Region 0 < x <3 m, Fig. b 


1(4 
+T IF, =0; ~4-—|=— -V= 
z 3($*} 


1/4 x 2 3 
=M = 0: —| = = = aii Sy? — 7 
(+ 0; m+a{Ss ol S)eae 0 M { 9* ashi m 


Region 3m < x S6m, Fig. c 
+ T 35, =0; V-4(6-x)=0 V ={24-4x}kN 


(42m = 0; -M -4(6- x] 3(6- »| =0 M={-X6-x)*}kN-m (4) 


The shear diagram shown in Fig. d is plotted using Eqs. (1) and (3). The value of shear just to the left and just to the 
right of the support is evaluated using Eqs. (1) and (3), respectively. 


= ~2(32)-4= 
W.-3 m- =~ 56 )-4 =-10kN 
Ven 3 m4 = 24-4(3) = 12KN 


The moment diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of the moment at support B is 
evaluated using either Eq. (2) or Eq. (4). 


L.-3 m 


=~ £(33)—4(3)=—18kN-m 


M| = -2(6- 3? =-18kN-m 


x=3 m 
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7-58. Determine the largest intensity wo of the distributed 
load that the beam can support if the beam can withstand a 
maximum shear force of Vj, = 1200 1b and a maximum 
bending moment of M,,,, = 600 Ib - ft. 


Since the loading is discontinuous at the midspan, the shear and moment equations must be written 
for regions 0 < x <6 ft and 6 ft <x < 12 ft of the beam. The free - body diagram of the beam' s segment 
sectioned through the arbitrary point within these two regions are shown in Figs. b and c. 


Region 0 < x <6ft, Fig. b 
+TX, =0; 7.5wo — wox-V=0 V = wo(7.5— x) 


(+2m =0; M +wo =]-7.5wox=0 M ==Q(15e— 2) (2) 


Region 6 ft < x < 12ft, Fig.c 
+T 2, = 0; 10.5wo —2wo(12—x)+V =0 V =wo(13.5—2xr) 


(421 = 0; 10.5wo(12—x)-2w9(12- nf oa -x)| -M=0 


M =wo(-x?2 +13.5x-18) (4) 


The shear diagram shown in Fig. d is plotted using Eqs. (1) and (3). The value of the shear at x = 6 ft is evaluated 
using either Eq. (1) or Eq. (3). 
= Wo(7.5 —6) = 1.5wo 


The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (3). 
0= wo(13.5 — 2x) x= 6.75ft 


The moment diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of the moment atx = 6 ft is evaluated 
using either Eqs. (2) or (4). 


_ ¥0 2s 
ML, -6n = <r li56-6 )=27wo 


The value of the moment at x = 6.75 ft (where V = 0)is evaluated using Eq. (4). 
M|,-6.75% = 0[-6:75° + 13.96.75)— 18] = 27.5625 


By observing the shear and moment diagrams, we notice that Vijax = 10.5wo and M max = 27.56wg. Thus, 
Vinax = 1200= 10.5wo 
wo = 114.29 lb-ft 
M max = 600 = 27.56wo 
Wo = 21.8 Ib/ ft (control! ) 
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0<X<Gft Cb) 


2W5(/2-X) 


M 
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7-59. Determine the largest intensity wo of the distributed 
load that the beam can support if the beam can withstand a 
maximum bending moment of Mia, = 20KN+m and a 
maximum shear force of V,,,, = 80 kN. 


Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions 0 < x < 4.5 mand 4.5 m < x <6 m of the beam. The free - body diagram of the beam' s 
segment sectioned through the arbitrary points within these two regions are shown in Figs. b and c. 


Region 0 < x <4.5 m, Fig. b 
+ T 3K, =0; 2.167w9 — wox-V =0 V = wo(2.167— x) 


(+2 =0; M +wor{ 2 —2.167wox = 0 . M = w0(2.167x -0.5x") (2) 


Region 4.5 m < x <6 m, Fig.c 


M= -=2(6-2)3 


The shear diagram shown in Fig. d is plotted using Eqs. (1) and (3). The value of the shear just to the left 
and right of support B is evaluated using either Eq. (1) or Eq. (3), respectively. 
Vi- 45m — = “0(2-167— 4.5) = ~2.333w9 


= 0 2X 


The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1). 
0 = wo(2.167— x) x= 2.167 m 


The moment diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of the moment atx = 2.167 m 
(V = O)is evaluated using Eq. (2). 


M\.2> 167m = wo|2-167(2.167) - 0.5(2.167)] = 2.347w9 


The value of the moment at support Bis evaluated using Eqs. (2) or (4). 


Wo 3 
| Or ——9(6- 4.5)" = -0.375wo 


By observing the shear and moment diagrams, we notice that Vjax = 2.333wo and M max = 2.347w9. Thus, 
Vax = 80= 2.333w9 
wo = 34.29kN/m 
M max = 20= 2.347 wo 
wo = 8.52kN/m (control!) 


7 Solutions 44918 1/27/09 10:39 AM Page 608 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


W(4-5) seis) 


05m 
By= 3.083, 


0S X<4-5M (by 


6X) mlp | (GX) 


ox, $1 
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*7-60. Determine the placement a of the roller support B 
so that the maximum moment within the span AB is 
equivalent to the moment at the support B. 


Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions 0 < x <a and a< x <L. The free - body diagram of the beam' s segment sectioned through 
the arbitrary points within these two regions are shown in Figs. b and c. 


Region 0 < x <a, Fig. b 
<0: wo 2 = - 0 
+ TBF, =0; 5, ek )-woxr-V=0 V = 52 (al ~ I? - 2ar) (¢9) 


=M =0; M ~ | (2ar - 122)x =0 M=~Of(2at -12)x-ar2] (2 
(+ +wor() on ‘7 ok ye ax?) (2) 


Region a <x < L, Fig.c 
+ TER, =0; V—wo(L—-x)=0 V =wo(L- x) 


(2 = 0; -M -wo(L-x [5 =) =0M= -Su -x)? (4) 


The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1). 
2aL — L? 


0 = ~0(2an — 1? - 2ax) x 
2a 2a 


The maximum span moment occurs at the position at which V = 0. Thus, using Eq. (2), we obtain 


aff) fo] aoe 


The support moment at B is evaluated using Eq. (2). 


The support moment at B can also be computed from Eq. (4). 


Ww 
M guppport = su -a)?? 


Here, we require KM max )span | = IM suppor | Thus, 


0 (201, - 12)? = MO -2)? 
Ra2 2 


aul 
a 
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°7-61. The compound beam is fix supported at A, pin 500 Ib /ft 
connected at B and supported by a roller at C. Draw the 
shear and moment diagrams for the beam. 


The support reactions atA and C and the interaction force at pin connection B are indicated on the 
free - body diagram of members AB and BC of the compound beam shown in Figs. a and b. Since the 
loading is continuous through the entire beam and the interaction force at the pin connection at B is 
internal to the beam, the shear and moment equations can be described by a single function. The 

free - body diagram of the beam' s left segment sectioned through an arbitrary point is shown in Fig.c. 


By referring to Fig. c, we have 
+ TX, =0; 3000 — 500x - V = 0 V ={3000— 500x} Ib 


(+4 =0; M + 500%{ =) 6750— 3000x = 0 M ={3000x —250x? — 6750} Ib-ft (2) 


The shear and moment diagram shown in Figs.d and e are plotted using Eqs. (1) and (2), respectively. The 
location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1). 
0 = 3000 — 00x x= 6ft 


The value of the moment at x = 6 ft (V = 0) is computed using Eq. (2). 


M| 45. = 3000(6)- 250( 6? )—-6750 = 2250 Ib - ft 
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500(6) Ib 


Ay=200016 2" By=/5001b 


M,=6750 b-ft By=1500 Ib Gy°lS001 
: (6) : 


M, =6750 /b-}t 


VClb) 


M(ib+ft) 
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7-62. The frustum of the cone is cantilevered from point 
A. If the cone is made from a material having a specific 
weight of y, determine the internal shear force and moment 
in the cone as a function of x. 


Using the similar triangles shown in Fig. a, 


=n+2r=2uty 


LU _L+l’ 
™% 2% 


L'=L 


Thus, the volume of the frustrum of the cone shown shaded in Fig. ais 


2 
a1 gD ~ te? 
v=ta|20+0| (L+ x) 37 L 


= (Lt x -L] 
L 


The weight of the frustrum is 


W=We= my ut x -13] 


The location X of the center of gravity of the frustrum is 


132 a -+y,2 
; 92 wen) +n pu+| 37% 


fe 4) _ (+x)*-P(4r4L) 


2 3.73 
LA") 3_73 (L+ xy -L 
SO [e+ -1} 


Using these results and referring to the free - body diagram of the frustrum shown in 
Fig. 5, 


+ TER, =0; —— AM L439 - L3]=0 


« on? x - 17 


(2 =0; - | Lt +xP-B fesetaters (L+x)4 -13(4x4 2}. ‘ 
ar 4{l+xP -L2} 


a myo" [u +x)4 -13 (4x4 L)| 
1212 
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7-63. Express the internal shear and moment components 
acting in the rod as a function of y, where 0 = y = 4 ft. 


Shear and Moment Functions : 
=F, =0; Vv, =0 


EFE=0; V,-4(4-y)-8.00=0 
V, = {24.0—4y} Ib 


dny 
M, -4(4-)(")}-2.00(4-y) =0 
M, = {2y" ~24y+64.0} Ib- ft 
M, -8.00(1)=0 M, =8.001b-ft. 


M,=0 
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*7-64. Determine the normal force, shear force, and 
moment in the curved rod as a function of 6. 


Fu, = [wir de) cose = owrsind 


Fry = [w(rd@) sin@ = - wr(1- cos) 
7 BA = 0; ~V~ (wrsinB)casd ~ rw{1-cos8)sin® = 0 
Vs wr sind Ans 
AIF, = 0; N+ (wrsind)sin® - rw(l—cos8)cos = 0 
N = wr(cos@ -1) Ans 
(+ EMo = 0; wr(cos9 -1)r-M=0 


M = wr*(cos6-1) Ans 


614 


7 Solutions 44918 1/27/09 10:39 AM Page 615 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e7-65. The shaft is supported by a smooth thrust bearing 
at A and a smooth journal bearing at B. Draw the shear and 
moment diagrams for the shaft. 


4001b Goolb 300Ib 


-— 2 ft —|-— 2 ft | 2it— 


Shéar diagram 
Cb) 


M(lb-ft) 


Moment diagram 
CC) 


7 Solutions 44918 1/27/09 10:39 AM Page 616 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


7-66. Draw the shear and moment diagrams for the 
double overhang beam. 


Ay=/0 KN By= /OKN 
(2) 


Moment diagram 


(c) 


616 


7 Solutions 44918 1/27/09 10:39 AM Page 617 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


7-67. Draw the shear and moment diagrams for the 
overhang beam. 


a aod 
Shear diagram 


Moment Biagtam 
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*7-68. Draw the shear and moment diagrams for the 
simply supported beam. 


zx 4 6 


moment aiagram 
Cf) 
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°7-69. Draw the shear and moment diagrams for the 10 kN 10 kN 


simply supported beam. 


Shear diagram 
(6) 


Momenf- diagram 
(CC) 


7 Solutions 44918 1/27/09 10:39 AM Page 620 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


7-70. Draw the shear and moment diagrams for the beam. 
The support at A offers no resistance to vertical load. 


pp 


2L 


= Aad 
3 3 


* 


Moment dig tam 
(Cc) 
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7-71. Draw the shear and moment diagrams for the lathe 60 N 80N109N 
shaft if it is subjected to the loads shown. The bearing at A is 


a journal bearing, and B is a thrust bearing. 40 N 


A 
a : 50 mm <7 mm 50 =| Ld 


200 mm 200 mm 
100 mm 50mm 


0-/5m' 0-/5m 


sm Be : 
Ay-3]6-6]N By=43:33N 


0-0 


0.2 035 05055 9.05 
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*7-72, Draw the shear and moment diagrams for the beam. 


2TkN 3 RW jan 


HILT tT 
Lia = 
VN bn) 


z? 


e7-73. Draw the shear and moment diagrams for the 
shaft. The support at A is a thrust bearing and at B it isa 
journal bearing. 
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7-74. Draw the shear and moment diagrams for the beam. 
15kN/m 


Support Reactions : 


(+=, =0; D, (3) - 8(1) ~8(2) - 15.0(3.5) - 20 =0 
D, = 32.167 kN 
+TIE =0; 32.167-8-8-15.0-A, =0 
A, = 1.167 kN 


OKN ON PD EIE.OKD 


Ayet-167 KN O25 DY - 32.167 KN 
q 
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7-75. The shaft is supported by a smooth thrust bearing at 
A and a smooth journal bearing at B. Draw the shear and 
moment diagrams for the shaft. 


500N 


300(3) N 


-700 
Shear aiagram 
(6) 


M(N-m) 


1S 3 


Moment diagram 
jC) 
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*7-76. Draw the shear and moment diagrams for the beam. 


Support Reactions : 


(+2¢@, =0; 8, (10)-10.0(2.5)-10(8)=0 —B, = 10.5kN 
+TZR=0; A,+10.5-10.0-10=0 A, =9.S0kN 


2(5)#10-0 KN 


e7-77. Draw the shear and moment diagrams for the 100 Ib /ft 


shaft. The support at A is a journal bearing and at B it isa 
By 300 Ib - ft 
thrust bearing. ) 
Lie 
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7-78. The beam consists of two segments pin connected at 
B. Draw the shear and moment diagrams for the beam. 


150(6) |b 


ft | 3ft 
Ay=/016-67 Ib a By=3/6-67!b Cy" 50329 Ib 


= 


9400 \b-ft 
VIb) 
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7-79. Draw the shear and moment diagrams for the 200 Ib /ft 
cantilever beam. 


wi (Abbe) 
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*7-80. Draw the shear and moment diagrams for the 
simply supported beam. 


Since the area under the curved shear diagram can not be computed directly, the value of the moment at x = 3m 
will be computed using the method of sections. By referring to the free - body diagram shown in Fig. b, 


1 
(+2 =0; Ml 3 m+ ZO1OXSKD~ 203) = 0 M|,. 5 my = 45KN-m 


4(10)(2) KN 
1m 


+006) KN 


3 G 


Moment Aiag tam 
(A) 
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e7-81. Draw the shear and moment diagrams for the 2000 Ib 
beam: 500 Ib /ft 


2000\b 


7-82. Draw the shear and moment diagrams for the beam. 


Support Reactions : 


(+24, =0; B, (L) wel 
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7-83. Draw the shear and moment diagrams for the beam. 


(B)(3)=12 kN 
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*7-84, Draw the shear and moment diagrams for the beam. 


oe kal 


| 
V.(e8) 


133.95 i 


-| 36.25 
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e7-85. The beam will fail when the maximum moment 
is Mmax = 30 kip: ft or the maximum shear is Vizax = 8 kip. 
Determine the largest intensity w of the distributed load the 
beam will support. 


= 4w 


= 2 kip/ft 


a =~6w; —30 = -6w 


w = 5 kip/ft 


Thus, w = 2kip/ft 
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7-86. Draw the shear and moment diagrams for the 
compound beam. 


G 
A 


f 
j 
' 
i 
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7-87. Draw the shear and moment diagrams for the shaft. 
The supports at A and B are journal bearings. 


Al bs 


+}. 600. | _| 
| ea, mm 450 mm 


212000)(03) 2000(06) (2000) (0:45) 
3OON 1200N.——-4BON 


+TEF=0; 1022.2-}(2000)(0.3)-% 5 =0 
Ws =722N 
Q(+EM=0; — Mo.s +$(2000)(0.3(0. 1)- 1022.2(0.3) = 0 


Mo.) =277N-m 


Ay =/022-2N 


VA) 
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*7-88. Draw the shear and moment diagrams for the beam. 5 kip /ft 


15 kip - ft 15 kip - ft 


Support Reactions : From FBD (a), 


(+=M, =0; —B,(10)+15.0(2) +15 
~ $0,0(5) = 15.0(12) - 15 =0 
B, = 40.0 kip 
+TIE =0; A, +40.0-15.0-50.0-15.0=0 
A, = 40.0 kip 


Shear and Moment Diagrams : The value of the moment at supports 
A and B can be evaluated using the method of sections [FBD (c)]. 


(+m =0; M+15.0(2)+15=0 M=-45.0kip-ft 


M (kip-ft) 
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°7-89. Determine the tension in each segment of the 
cable and the cable’s total length. Set P = 80 Ib. 


Tap cos 59.04°(3)+ Tap sin 59.04°(7) ~ $0(7) - 80(3) = 0 
Tap = 78. 188 Ib = 78.2 Ib Ans 


78.188 cos 59.04°-A, 20 A, = 40,227 b 


A, + 78.188 sin 59.04°-80-50=0 A, =62.955 lb 


| hy = 62.955 Ib 


SIF, =0;  TMecose-40.227 =0 


+TER =0;  -Tcsing+62.955=0 A 
Solving Eqs.(1) and (2) yields: A=40.22] 18 ING 
$= 57.42° a 
Tac = 74.7 ib (b) 
Joint D : ¥ 
ZF, =0; 78.188 cos $9.04°—Tcp cos@ =0 Top= 78-168 Ib 
+TZF, =0; 78.188 sin 59.04°-Tep sind-30 =0 
Solving Eqs. (3) and(4) yields : 
6=22.96° 
Tep = 43.7 b 


$ 4 


Toailengnofinecabie: FS Sa59. OW * costa OO * cas. 
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7-90. Ifeach cable segment can support a maximum tension 
of 75 lb, determine the largest load P that can be applied. 


(£m = 0; - Tap (60s 59.04") 2 + Tap (sin $9.04°) (10) 50(7) - P(S) = 0 
Tap = 0.39756 P + 46.383 
“EF, =0; - A, + Top 00s 59.04 = 0 
+TIF, = 0; A -P -D + Typ 30 9.08 = 0 
Assume maximum tension is in cable BD. 
Too = 75 
P = 71.98 b 
A. = 38.59 b 


A, = 57.670b 


Tic = ¥ G8. + (57. =@.399b< 75h OK 


ox wD) «sae 


Jom C: 


SIF, =0 Top cong - 69.39 008 56.21° = 0 


+TIF, = 0; Tp sing + 69.39 sin $6.21° - 71.98 = 0 
Tp = 41.2<75b OK 
o= 203° 


P=T2.0b Ans 


7/98 Ih 
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7-91. The cable segments support the loading shown. 
Determine the horizontal distance x, from the force at B to 
point A. Set P = 40 lb. 


(42M, =0; Ten cos 33.69°(13) - Tep sin 33.69°(3) + 60( 13) + 4045) =0 A ; 


Tep = 78.521 lb 
SEF, =0;  40+60-78.521 cos 33.69°-A, =0* 


A, = 34.667 Ib 


+TEF, =0; A, -78.521 sin 33,69 =0 


A, = 43.555 Ib 
Joint A : 

“+ EF, =0; — Tpc0s@~34.667 = 0 () 
+TZEF, +0;  43.555-Tpsind =0 (2) 
Solving Eqs.(1) and (2) yields : Ay= 43.505 Ib 
@=51.48° A,.=34.067 ib 


Tag = 55.67 Ib - 
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*7-92. The cable segments support the loading shown. 
Determine the magnitude of the horizontal force P so that 
XB 6 ft. 


(+ Mo =0; Tacos 39.81°(10)+ Mag sin 39.81°(6)— 60(2)~ P(10) =O 


1.523% - 1OP = 120 () 
Joint B : 
4X IF, 20; Tp cos 19.25°-Psin 69.44° =0 (2) 
Solving Eqs.(1) and (2) yields : 
P= 84.0 1b Ans 


Tha = 83.32 lb 
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e7-93. Determine the force P needed to hold the cable 
in the position shown, Le., so segment BC remains 
horizontal. Also, compute the sag yg and the maximum 
tension in the cable. 


(yp - 3)Tac = 3P = (3) 


Combining Eqs. (1) and (2): 


16 
Bf 


3 
Sep 
¥O2 - 3) +9 


15 — 2 ye 


¥Os - 3¥ +9 al 


From Eqs. (1) and (3): 3ysP — 16ys + 48 = 0 
From Eqs. (4) and (5) : yg = 3.53m #£Ans 
P=0.8kN Ans 


Tap = 6.05 kN 
Tac = 4.53 kN 


Tep = 4.60kN 


Tra =Tpg = 8.17KN Ans 
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7-94. Cable ABCD supports the 10-kg lamp EF and the 
15-kg lamp F. Determine the maximum tension in the cable 
and the sag yz of point B. 


ISC9RN 


(olG-BI)N 


Tep cos 75.96°(2)+ Top sin 75.96°(4) 


~ 15(9.81)(4)— 10(9.81)(1) =0 
Te = 157.30 N 4 


157.30 cos 75.96°-A,=0 A, =38.15N ys 1o5.N 


A, +157.30 sin 75.96 — 15(9.81) — 10(9.81) =0 


A, =92.65N 


SEF, =0;  %gc0s0-38.15=0 
+TER =0; 92.65-%asin@=0 


Solving Eqs. (1) and (2) yields : 
6 = 67.62° Tp = 100.2N 


yp = (1)tan67.62° = 2.43 m 


“43K, =0; 157.30 cos 75.96°—Tpocos 8.13°=0 Tc =38.54N 


+TZF=0; 157.3 sin 75.96°-38.54 sin 8,13°- 15(9.81)=0 (Check) 


Trax = Top = 157N Ans 
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7-95. The cable supports the three loads shown. Determine 
the sags yg and yp of points B and D. Take P; = 400 Ib, 
Py = 250 lb. 


15 ft 12ft- 


20 


en, 
¥(i4-y,)? + 400 °° 


14 - yy 


ee: ee 
y(i4—y5)? + 400 


32y, - 168 


a) ial 
yi4-y,)? + 400 °° 


15 20 


—_ ===], - ——_—— 
¥(4-yp)? + 225 ¥(i4-yp)? + 400 
14 - yp 14 - yz, 


—_———_————— poe 
(i4—yp)? + 225 (14-y,)? + 400 


—Wyp + 490 — 15y, 


YU4—y_)? + 400 


—20yp + 490 - I5y, 


¥(4—yp)? + 225 


Tho = 0 
Tyo - 400 = 0 
Tye = 6000 


Tey = 8000 


AtD 


Sxr = 0; 12 15 


a 
VG+yp)? +144" f(4—yp)? + 205 


=0 


4+yp 14 - yp 


ape Tyg ee 
V(4+ Yp)? + 144 ¥(14~yp)? + 225 


-108 + 27 
a2) 7 = 3000 


(4—yp)? + 225 © 


+TEE = 0; Tep - 250= 0 


Combining Eqs. (1) & (2) 


T9y5 + Wyp = 826 
Combining Eqs. (3) & (4) 


4Sy, + 276y, = 2334 
Ya = 8.67 ft Ans 


Yo = 7.04 ft Ans 


642 


7 Solutions 44918 1/27/09 10:39 AM Page 643 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*7-96. The cable supports the three loads shown. 
Determine the magnitude of P, if P, = 300lb and 
yp = 8 ft. Also find the sag yp. 


P, P, 


P, 
~12 ft 20 ft | 15 ft 12 ft 


20 12 
fi, = —<—7, =0 
{#6 208” 


ak t_7, - 300 =0 


(436 {208 
T,g = 983.3 Ib 


Tyo = 854.2 Ib 


15 


-20 
Sd 
a6 ' {(14-y,)? + ms? 


=0 


14 — yp 


$954.2) $+ ey - F = 0 
(436 ¥(14-yp)? + 225 


(2) 


12 15 


y a Top = 0 
YG+yp)? +144" Y(14—yp)? + 205” 


4+ Yp 14- yp 


——=_—],, = ———— 
(4+ Yp)? + 144 ((14-yp)? + 225 
_ 36007/225 + (14 — yp)? 


Ten = 2Typ — 108 


Top — 300= 0 


Substitute into Eq. (1) : 
Yp = 6.44 ft Ans 


Top = 916.1 Ib 


P, = 658 Ib 
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°7-97. The cable supports the loading shown. Determine 
the horizontal distance xg the force at point B acts from A. 
Set P = 40 |b. 


X_,-3 _ 


eT, = 
Vxp -3)? + 64 °° 


4 Xp -3 


3 
- + ———F- - Ep = 0 
30 em —3)? + ‘BC ja” 
2 3 


+TIE = 0; Tgo — =T, 
5 ¥a,-y +0 °° is 


30 — 2x5 


Solving Eqs. (1) & (2) 


7-98. The cable supports the loading shown. Determine 
the magnitude of the horizontal force P so that xz = 6 ft. 


Solving Eqs. (1) & (2) 


18 102 
P= 71.4 1b 
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7-99. Determine the maximum uniform distributed 
loading wo N/m that the cable can support if it is capable of 
sustaining a maximum tension of 60 KN. 


The Equation of The Cable : 


1 
y= 7 [dw (arderae 
H 


1 pw, 
= 7 (Pr +e+6) 


Boundary Conditions : 
y =0 at x=0, then from Eq.[1} 


© = 0atx=0, then fom Eq.[2} 


Thus, 


y =7m atx = 30 m, then from Eq.[3] 7= 52 (307) y= wg 
4# 


6 = 6,,, atx = 30 m and the maximum tension occurs when 6 = 0,,,, . From Eq.(4] 


uad,,, = 2 = qos = 0.01556(30) = 0.4667 
z=30m “7-Wo 


Onan = 25.02° 


The maximum tension in the cable is 


Wo = 0.846 kN/m 
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*7-100. The cable supports the uniform distributed load 
of wo = 600 lb/ft. Determine the tension in the cable at 
each support A and B. 


Use the equations of Example 7- 12, 


wo 2 
4° oh, 


600 
ay tal 


600 
10 = HE 25 ~ af 


600 600 
Ta5* 20) 2 ~ a 


x = 1.5 (625 - 50x + 2) 
0.5x7 - 75x + 937.50 = 0 
Choose root < 25 ft. 


x= 13.76 ft 


wo 600 
Fy 5% Tay (13-76 = 3788 b 


Wo 600 2 


an al * 713788) 


dy 
dk === 0.158384 ag = 2.100 


6, = 65.36° 


Fy 3788 


Fo oOn 7 wn 3G ee = 9. kip Ans 


Wo 600 2 


=e 8 
7" Thy ~ 20788) 


2 = tan @ = 0.15838 1.780 


iz @ (25 - 13.76) = 
o, = 60.67° 


Fr = 2788 


a OG” mer 


= 7733 = 7.73kip Ans 
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e7-101. Determine the maximum uniform distributed 
load wo the cable can support if the maximum tension the 
cable can sustain is 4000 lb. 


Use the equations of Example 7 - 1Z, 


2 
"oh 


Wo 
15 = ih 


Wo 
10 = tm 3 


# 
13 


1 2 
ii” hadi 


2 = 1,5 (625 = $0x + x7) 
0.52 ~ 75x + 937.50 = 0 
Choose root < 25 ft 


x2 13.76 ft 


Wo Wo 


Maximum tension occurs at B since the slope y of the cable is greatest there. 


my ee 
Fa (6.31378 wo 
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7-102. The cable is subjected to the triangular loading. If 
the slope of the cable at point O is zero, determine the 
equation of the curve y = f(x) which defines the cable 
shape OB, and the maximum tension developed in the cable. 


x Jf weaydryax 


1 77500: 
ald spades 


1 50 
a —|(— dx 
BIG? + C,) 


= ti + Cx +C,) 


iy 9 


tx=ISt, y=8R 


y = 2.37(107)x? 


50 


= nna = 302348)" lewis 


(1,6) = 57.99° 
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7-103. If cylinders C and D each weigh 900 lb, determine 
the maximum sag h, and the length of the cable between the 
smooth pulleys at A and B. The beam has a weight per unit 
length of 100 lb/ft. 


Since the loading and system are symmetric as indicated in the free- body diagram shown in Fig. a, 


+ TSF, =0; 2(900sinO@ max )— 100012) = 0 
Omax = 41.81° 


Fy =Tmax COSOmax = 900c0s 41.81° = 670.82 Ib 


As shown in Fig. a, the origin of the x— y coordinate system will be set at the lowest point of the cable. 


Integrating the above equation, 
® 0.1491x+C. 
ae l. x 1 


Applying the boundary condition a = Oat x = 0 results in C) = 0. Thus, Eq. (1) becomes 


dy 
® = 0.1491 
* x 


Integrating, 
y = 0.07454x2 +C 


Applying the boundary condition y = 0 at x = 0 results in Cz = 0. Thus, Eq. (1) becomes 
y = 0.07454.x" 


Applying another boundary condition, y = h, at x = 6ft, 
h = 0.07454(6) = 2.68 ft 


The differential length of the cable is 


2 
ds = fax? + dy” = H(2) dx = Wi +0.02222x2 ae 
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Thus, the total length of the cable is 


6 ft 
L=f as= 2) dis 0.02222x7 dr 
0 


6 ft 
0.2981 | 45+ x? de 
0 


ft 


~02961{ 2] xfs +x7 +45 i «+ dase ] 


=13.4ft 


100012) Ib 
(a) 
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*7-104. The bridge deck has a weight per unit length of 
80 kN/m. It is supported on each side by a cable. Determine 
the tension in each cable at the piers A and B. B 


— 75m 


TM i nt} 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Since the bridge 
deck is supported by two cables, w(x)= 2. 40KN / m. 

d?y _ w(x) _ 40(10°) 

ae? Fy Fy 
Integrating, 

dy _ 4000") 

a Fy 4 


Applying the boundary condition D = Oat x= Oresults in C, = 0. Thus, 


cd Lad 
a Fy 


Integrating, 
109 
y= m ),2 +Cy 
Fy 

Applying the boundary condition y = 0 at x = 0 results in Cz = 0. Thus, 

3 
_ 2010") 2 
y= Fn x 


Applying two other boundary conditions y = 75 m at x = x and y = 150 mat x = -(1000- xg), 
3 
15= 2X0) 2 
Fy 


3 
150 =  t-t000- x0 


Solving these equations 
xo =414.21m Fy = 45.75(10°)N 


Substituting the result for F 7 into Eq. (1), 


3 
B00) = 0.874107? jr 


d&  45.75(10°) 
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Thus, the angles the cables make with the horizontal at A and Bare 


Op = wo ( S| [eeepc 41420] = 19,91° 
B 


ea -for-{ S| = tan {0.874107 [-(1000- 414.2} = 27.12° 
at te 


6 
F 
Ty = —H— = BO) - 48.6610) N = 48.7MN 
cos@p = c0s 19.91° 


6 
Ty = PH = BBO) | 5140005) N = 51.4MN 
Cos 00827.12° 
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e7-105. If each of the two side cables that support the 
bridge deck can sustain a maximum tension of 50 MN, 
determine the allowable uniform distributed load wo caused 
by the weight of the bridge deck. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Since the bridge 


deck is supported by two cables, w(.x)= 2. 


_ wo/2_ Wo 
H 


dc? Fy 


Integrating, 


Applying the boundary condition = = Oat x = 0 results in Cj = 0. Thus, 


dy_ wo 


a Fy 
Integrating, 


wo 


2 
+C 
4Fy 2 


y= 


Applying the boundary condition y = 0 at x = 0 results in Cy = 0. Thus, 
= “0,2 
* SF q 
Applying two other boundary conditions y = 75 m at x = xg and y = 150 mat x = -1000- xg), 
wo. 2 


75 = 
4Fy 


wo 2 
150 = ———/|—-(1000 — 
Fu ( xo) 


Solving these equations 
x9 = 414.21m Fy = 571.91wo 


Substituting the result for F 7, into Eq. (1), 


dy wo 


— Se -3 
ae” WSTL9Im)" 0.874310~>)x 
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By observation, the angle the cable makes with the horizontal at A (@, ) is greater than that at B(@, ). Thus, the cable 
tension at A is the greatest. 


. fan fosraxi0 f-(1000- 41420} = 27.12° 


By setting J, = 50(10°)N, 
T, = —H_ 
cos 64 
571.919 
cos 27.12° 
wo = 77.8X10°)N/m=77.8kN/m 


50(10°)= 
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7-106. If the slope of the cable at support A is 10°, 
determine the deflection curve y = f(x) of the cable and the 
maximum tension developed in the cable. 


The triangular distributed load is described by w(x)= = = 12.5x. 


dy _ w(x) _ 12.5 | 


500 Ib /ft 


Applying the boundary condition a = tan 10° at x = 0 results in C, = tan 10°. Thus, 


D. 6.25 52 5 tan 10° 
a Fy 


Integrating, 
y= 2S? 3 4 tan 10°x+C> 
Fy 


Applying the boundary condition y = 0 at x = 0 results in Cz = 0. Thus, 
y= — x + tan10°x 
Fy 
Applying the boundary condition y = 10 ft at x = 40ft, 
10 = 22833 (40)3 + tan 10°(40) 
Fy 


Fry = 45.245(10°) Ib 


Substituting the result into Eqs. (1) and (2), 


Cm 2 5? + tan 10° 
dé 45.245(10" ) 


= 0.1381(10~> )x 2 + tan 10° 


_ 2.0833 
45.245(10° ) 
-6, 3 . 
=46.0(10 ~~ )x~ +0.176x 
The maximum tension occurs at point B, where the cable makes the greatest angle with the horizontal. Here, 


@max = oo 4 }- on Ec | = 21.67° 
deh 40 fe 45.245(10° ) 


x? +tan10°x 


Fy ____45.24500°) 3 
——— = 48.6910 lb = 48.7 ki 
COSA max -—«€0821.67° ) , 


Tnax = 


7 Solutions 44918 1/27/09 10:40 AM Page 656 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


7-107. If h = 5 m, determine the maximum tension 
developed in the chain and its length. The chain has a mass 
per unit length of 8 kg/m. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 8(9.81)N /m=78.48 N /m. 


Integrating, 


i wedi }= BS 24.6, 
H 


F 


Applying the boundary condition u = a = Oat x = 0 results in C; = 0. Thus, 


78.48 
if wt iW? |= x 


Fy 


e* — 
Since sinh x = = , then 


x = sinh 73.48 x 
dk F 


Integrating Eq. (1), 


Solving by trial and error, 
FH = 4969.06N 
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The maximum tension occurs at either points A or B where the chain makes the greatest angle with the horizontal. Here, 


= ten! & = tnd sinn 78-48 - © 
6max = tan (41) {in Fn as) 22.06 


=e = 5361.46N = 5.36kKN 


Referring to the free - body diagram shown in Fig. b, 
+ TX, =0; Tsin@ —8(9.81)s = 0 

++ XH, = 0; T cos@ — 4969.06 = 0 
Eliminating 7, 


® ~ ano = 0.015794s 
a 


Equating Eqs. (1) and (2), 


j 78.48 _ 
sinh 969.06 | = 0.015794s 


5 = 63.32 sinh{0.01579x] 


Thus, the length of the chain is 
L = 2{63.32sinh[0.01579(25)]} = 513m 


8(G-B1)S 
(b) 
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*7-108. A cable having a weight per unit length of 5 lb/ft 
is suspended between supports A and B. Determine the 
equation of the catenary curve of the cable and the cable’s 
length. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 5 lb/ft. 


dy uid 2y seas ‘ : 
If we set u = = then = ——. Substituting these two values into the equation, 


ae 


Integrating, 


if wedi P= Saee, 
H 


Applying the boundary condition u = x = Oat x = 0 results in C; = 0. Thus, 


Applying the boundary equation — = tan30° at x = 75ft, 


tan 30° = snt| S75 | 
Fy 


Fy = 682.68 Ib 


Substituting this result into Eq. (1), 
Hie -3 
. sinh[7.324(10 )x| 
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Integrating, 
y = 136.54cosh [7.324 10° | +Co 


Applying the boundary equation y = 0 at x = 0 results in C2 = —136.54. Thus, 
y= 137 cosh{7.324 10-3)]- in Ans. 


If we write the force equation of equilibrium along the x and y axes by referring to the free - body diagram shown in 
Fig. b, we have 

+ =F, =0 T cos@ — 682.68 = 0 

+ TE, =0; Tsind ~Ss=0 


Eliminating T, 


2 - tan 6 = 7.324(107 )s 


Equating Eqs. (2) and (3), 
7.32410"? )s = sinh{7.324( 103 | 
s= 136.54sinh| 7324 10° deft 


Thus, the length of the cable is 
L= 2136.S4sini{7324(10-° \75)} 
= 157.66 ft = 158 ft 
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e7-109. If the 45-m-long cable has a mass per unit length 
of 5 kg/m, determine the equation of the catenary curve of 
the cable and the maximum tension developed in the cable. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 5(9.81)N /m=49.05 N / m. 

d*y 49.05 

de? Fy 


Setn = &, then du _ dy - , then 
dx dx? 


ro 


_ 49.05 49.05 5. 


— u2 Fy 


Integrating, 


hf adie «|= ar +g 
H 


Applying the boundary condition u = a = Oat x = 0 results in C; = 0. Thus, 


In| u +di+ u2 |= 49.05 
Fy 
49.05 
x 


wedien? =e Fu 


49.05 
—— 


Integrating, 


ei seu 05 
“of 05 


Applying the boundary equation y = 0 atx = 0 results in Cp = -———. Thus, 


Fy 
49.05" 


Fy 49.05 
> ee —o ae | 
** 9.05 en Fy “| - 
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If we write the force equation of equilibrium along the x and y axes by referring to the free - body diagram shown in 
Fig. 5, 

42K, =@ T cos6 — Fy, =0 

+ TF, =0; Tsind —5(9.81)s = 0 


Eliminating 7, 
dy 


ad 


Equating Eggs. (1) and (3) yields 
49.055 _ si 49.05 2 

Fu Fy 
Fu al 


s=- 


49.05 Fy 


Thus, the length of the cable is 


Solving by trial and error, 
Fy =1153.41N 


Substituting this result into Eq. (2), 
y = 23.5[c0s h0.0425x— 1] m Ans, 


The maximum tension occurs at either points A or B where the cable makes the greatest angle with the horizontal. Here 


mf emo 


= 1596.36N =1.60kN 
COSA max 00S 43.74° 


5SGB) $ 
(6) 
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7-110. Show that the deflection curve of the cable discussed 
in Example 7-13 reduces to Eq. 4 in Example 7-12 when the 
hyperbolic cosine function is expanded in terms of a series 
and only the first two terms are retained. (The answer 
indicates that the catenary may be replaced by a parabola 
in the analysis of problems in which the sag is small. In this 
case, the cable weight is assumed to be uniformly distributed 
along the horizontal.) 


Using Eq. (3) in Example 7-2, 


F 2 
7_=— 
8h 
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7-111. The cable has a mass per unit length of 10 kg/m. 
Determine the shortest total length L of the cable that can 
be suspended in equilibrium. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
ws) =10(9.81)N /m=98.1N /m. 


Integrating, 


bf wes 1?) = Bh rec 
H 


Applying the boundary condition u = = O at x = 0 results in C, = 0. Thus, 


bf wedi )- #1. 
FH 
98.1 


Referring to the free - body diagram shown in Fig. b, 
+=K, =G T cosO — Fy = 0 
+ T 28, =0; TsinO —10(9.81)s = 0 
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Eliminating T, 


® ~ ng = 2818 
a 


Equating Eqs. (1) and (2), 


The length of the cable between A and B is therefore 


L's | Fit 21.) = 0.02039F 7 sn a4) 
8.1. | Fy Fn 


Thus, the length of the overhanging cable is 


L-L'= L -0.2039F sn dl 
Fy 


The tension developed in the cable atB is equal to the weight of the overhanging cable. 


= 19980] L— 0.2039Fy wn 324) 
Fy 


Using Eq. (1), the angle that the cable makes with the horizontal at B is 


ints sis Bio) sn 224) 
Fy 


From the geometry of Fig. c, 


. =e on 
Tp = =Fy inn? 328 
= 


cos Og = = 
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Equating Eqs. (3) and (4), 


In order for Lto be minimum, _ must be equal to zero. 
H 


_ ,| 392.4 392.4 . 
— | -— I+ +2Fy 
Fy I et) { ( 
+ 2sint, 3924 |_ sink) 292: 
Fy Fy Fy 


392.4] | 392.4 
Fy Fy 


won( 324 Vai 392.4) + (Fy - 7848) = 0 
H 
Solving by trial and error, 


Fy = 438.70N 


Substituting this result into Eq. (5) yields 
L=155m 
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*7-112. The power transmission cable has a weight per 
unit length of 15 lb/ft. If the lowest point of the cable must 
be at least 90 ft above the ground, determine the maximum 
tension developed in the cable and the cable’s length 
between A and B. 


Integrating, 


i urdi+u? = 5 x4 
H 


Applying the boundary condition u = = = Oat x= 0 results in C, = 0. Thus, 


if wedi |= Bx 
H 


Applying the boundary equation y = 30 ft at x = x9 and y = 90 ft at x = (300 — xq), 
30 = SH 15% |_ (2) 
15 Fy 
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on EE Lonel > | 
90 ca Fy }H 


Since cosh(a — 6) = cosha coshb — sinha sinhb, then 


=z.) cosh 1222 cosh 4502. — sinh 22 sinh 4502 _ 1 
Fy Fy Fy Fy 


Eq. (2) can be rewritten as 


Substituting Eqs. (4) and (5) into Eq. (3), 
1350 = (450 + Fy) cosh = —[202500+ 900F 4 ah Fy 
Fy Fy 


Solving by trial and error, 
Fy = 3169.58 Ib 


Substituting this result into Eq. (4), 
xo = 111.31 ft 


The maximum tension occurs at pointA where the cable makes the greatest angle with the horizontal. Here, 


=hean! — F 1s : 
Sas =f (ton | fon Sc 188.60) 45.47° 


3169.58 
eee S ee = 4519.58 Ib = 4.52 ki 
Tnax = Oma Gs 4547? r 
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Referring to the free- body diagram shown in Fig. b, 
S=F, =O T cos6 ~ 3169.58 = 0 
+ T EF, =0; Tsin@ — 15s = 0 


Eliminating T, 


2. = 4731079)s 


Equating Eqs. (1) and (6) yields 
4.73210~>)s = sinh[ 4.73% 10° x] 


s=21131 sinh[4.732107*)x] 


Thus, the length of the cable is 
L=21131 sinh{4.732(10-° 1 130]+ 21 1.31sinh4.732(10~° X188.69) = 331 ft 


Fi =3169-98 1b 
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e7-113. Ifthe horizontal towing force is T = 20 kN and the 40m 
chain has a mass per unit length of 15 kg/m, determine the &r h 


£ 
maximum sag h. Neglect the buoyancy effect of the water we 
on the chain. The boats are stationary. 


= ——— 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the chain. 
Here, Fy =T = 20(107)N and 
w(s) = 15(9.81) N / m= 147.15 N /m. 


2 y } 
(2) = 7.357K10> 4(] 
de 1 dk 
du d’y 


Setu = 2. then lag roe Thus, 


du 


= 7.3575(10~>)dr 
di + 2 


Integrating, 


i edit |. 7.3575(10~)x+ Cy 


Applying the boundary condition u = 2 = Oat x = 0 results in C) = 0. Thus, 


rt adi +u2 = 7.3575(10~>)x 
3 
a f; uz = 07 357KIO? x 


e7.3575Q07 x __ 7.35710 x 
2 


. 
a& 


—_~o~% 
Since sinh x = e = , then 


a = sinh7.3575(10-> x 


Integrating, 
y = 135.92cosh7.3575(10°)x + Cy 


Applying the boundary equation y = 0 atx = 0 results in C2 = —135.92. Thus, 
y= 135.9 cosh 7.357510 jx — i 


Applying the boundary equation y = hat x = 20 m, 
h= 135.92|cosh 7.3575(10-°)(20) — 1 =1.47m 
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7-114. A 100-lb cable is attached between two points at a 
distance 50 ft apart having equal elevations. If the maximum 
tension developed in the cable is 75 lb, determine the length 
of the cable and the sag. 


(OS? = FR = 50; Fy = 55.9b 


se = sinh (:)- ey cas) (?} 


4 


3227.8 ft 


Wo = = Lome 


Total length = 2s = 55.6ft Ans 


Elms (i) lB) | 


= 106% Ans 
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7-115. Draw the shear and moment diagrams for beam CD. 
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*7-116. Determine the internal normal force, shear force, 7.5 kN 
and moment at points B and C of the beam. 2kN/m 


PED ERO ED Ean 


6kN 


Free body Diagram : The Support reactions need not be computed for this 
case. 


Internal Forces : Applying the equations of equilibrium to 
(FBD (a)], we have 


IF =0; Nc =0 


+TIF=0; -3.00-6=0_ ¥, =9,00 kN 
? c ¢ (s) 40 km 


(+ iM =0; — Mc -3.00(1.5) -6(3)-40=0 14)=4.0bl 
=q. OKN 


Mc =-62.5kKN-m Ans 


Applying the equations of equilibrium to segment DB [FBD (b)] , we have ) 


4 2F =0; Ny =0 [dorm 
+TZE=0; Vp-10.0-7.5-4.00-6=0 awe ae hee 
@) 


Vp = 27.5 KN 


(+2, =0;  -M, -10.0(2.5)-75(5) 
~4,00(7) -6(9) -40 20 
My =~184.5kN-m Ans 
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e7-117. Determine the internal normal force, shear force 
and moment at points D and E of the frame. 


Support Reactions : Member BC is a two force member. From FBD (a), 


(2M, =0; — Fyccos 15°(1.5) -600(0.75) =0 
Foc = 310.58N 


Internal Forces : Applying the equations of equilibrium to segment CE 
[FBD (b)], we have 


f+ 2E-=0; 310.58sin1S°-Ng=0 Ng=804N = Ans 
WEE =0;  Ve+310.58c0s 15°-300=0 Ve=0 = Ans 


¢ =M,=0; — 310.58cos 15°(0.75) — 300(0.375) - M, =0 
Mz = 112.5 N-m Ans 


Applying the equations of equilibrium to segment CD[FBD (c)] , we have 
EF =0; Np+310.58c0s 45°=0 Ny =~-220N Ans 


+TEE=0;  -31058sin45°-¥)=0 V)=-220N Ans 


G <M, =0; Mp +310.58sin 45°(0.25) =0 
Mp =-54.9N-m ica 


45° 
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7-118. Determine the distance a between the supports in 
terms of the beam’s length L so that the moment in the 
symmetric beam is zero at the beam’s center. 


Support Reactions : . From FBD (a), 


(+=M, =0; 5 (t+a(5)-2, (a =0 B, =F(L+a) 


Free body Diagram : The FBD for segment AC sectioned through point 
C is drawn. 


Internal Forces : This problem requires M; = 0. Summing moments 
about point C[FBD (b)}, we have 


(+=m, =0; F()+Fe-a[Z2e+0)] 
-Fiera(s)=0 


2a? + 2a -L? =0 
a= 0.366L Ans 
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7-119. A chain is suspended between points at the same 
elevation and spaced a distance of 60 ft apart. If it has a 
weight per unit length of 0.5 lb/ft and the sag is 3 ft, 
determine the maximum tension in the chain. 


fram 


Performing the integration yields ; 


x= 


i Fe {san = (055+ c+ a} 


From Eq. 7-19- 


Applying boundary conditions at x=0; s=0 to Bq.[1] and using the result C, =0 
yields C, = 0. Hence 


fe 
s Zinn 7s) (3] 


Substituting Eq.[3] into [2] yields : 


2 = sian) [4] 
Pezforming the integration 


oils 


Applying boundary conditions atx=0; y=0 yields C, --t . Therefore 


axlres0n 75.25 


sinn(2500 ) Gua, = 11.346" 


Fr 15.25 _ 167%. 
=  008O_,  00sll346° Am 
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*7-120. Draw the shear and moment diagrams for the beam. 


e7-121. Determine the internal shear and moment in 
member ABC as a function of x, where the origin for x is at A. 


Support Reactions : The 6 KN load can be replaced by an equivalent force 
and couple moment at B as shown on FBD (a). 


(+2, =0; — Fepsin 45°(6)-6(3)-9.00=0 Fp = 6.364 KN 
+TZER =0; A, +6.364sin45°-6=0 A, = 1.50kN 


Shear and Moment Functions : For 0 $x <3 m(FBD (b)], 
+TEE=0; 150-V=0 V=1.50kN Ans 
(G+2rm=0;  M-150r=0 M={1.50r} KN-m Ans 

For 3 m<x <6 m([FBD (c)], 
+TEE =0; V+6364sin°45=0 V=—4,50kN 


GIM=0;  6.364sin 45°(6-x) -M=0 
M = {27.0-4.50x} kN-m 
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7-122. The traveling crane consists of a 5-m-long beam 
having a uniform mass per unit length of 20 kg/m. The chain 
hoist and its supported load exert a force of 8 KN on the 
beam when x = 2 m. Draw the shear and moment diagrams 
for the beam. The guide wheels at the ends A and B exert 
only vertical reactions on the beam. Neglect the size of the 
trolley at C. 


Support Reactions : From FBD (a), 


(+=M,=0; — B, (5)-8(2)-0.981(2.5)=0 B, = 3.6905 KN 
+TZEE =0; A, +3.690S~8-0.981=0 A, =5.2905kN 


Shear and Moment Functions : For 0 Sx <2 m(FBD (b)], 


+TEE=0;  5.2905-0.1962x-V=0 
V = (5.29-0.196x} KN 


G-mM=0; M+0.1962x(=) ~$.2905x =0 
M={5.29x-0.0981x"} kN-m 


For 2 m<x <5 m[FBD(c)], 


, 20(9.81) 
+TIR=0; V+3.6905- T0090 (572) =9 


V = {-0.196x -2.71} kN Ans 


20(9.81) 


IM=0; 3.6905(5-x) ~ 
¢ 5(5-2)- 05 


S—x 
(5-2)(=)-me0 
M=({16.0-2.7Lx-0.098Lx?} KN-m —s Ans 
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*7-123. Determine the internal normal force, shear force, 
and the moment as a function of 0° = 6 = 180° and 
0 = y = 2 ft for the member loaded as shown. 


For 0° $ @< 180°: 
YF, = 0; V+ 200cos@-150sin 6 = 0 
V = 150sin@ - 200cos@ Ans 
AEF, = 0; N~ 200sin @ - 150cos @ = 0 
N = 150cos@ + 200sin@ Ans 
(zm = 0; -M = 150(1) (1 = cos 6) + 200(1) sin @ = 0 
M = 150cos 6+ 200sin@- 150 Ans 


At section B, 6 = 180°, thus 


_— 4 
!C1-Cos) ft 150 Ib 


Y% = 200bb 
Ny = ~150b 


ie a eek 1501b 


300 lb-ft 


For Os ys2 ft: 
200/b 


SIF, =0; V=200b Ans 
+TIF 20; N= -15S0lb Ans 
GEM = 0; -M = X00 = 200y = 0 


M=~-300-200y Ans 
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*7-124, The yacht is anchored with a chain that has a total 
length of 40 m and a mass per unit length of 18 kg/m, and the 
tension in the chain at A is 7 KN. Determine the length of 
chain /, which is lying at the bottom of the sea. What is the 
distance d? Assume that buoyancy effects of the water on 
the chain are negligible. Hint: Establish the origin of the 
coordinate system at B as shown in order to find the chain 
length BA. 


Component of force a: A is 
Fy = Tos 8 = 7000cos 60° = 3500N 


From Eq. (1) of Example 7-13 


tones 
189.81) 


¥ 
a 


sink" 5 (18) (9.81) s + a] + G:) 


Since — = 0, s = 0, then 


dy 1 . . 
a Reta Cc, =0 


Alsox = 0, s = 0, sothatC, = 0 and the sbove equation becomes 


x= 19.82(sion"(—45)) a 


or, 


ts 19.82 (sinh) 2) 
From Example 7-13 


dy = Mos. 18 9.81), s 


a" 300 "ia 


Substituting Eq. (2) into Eq. (3), Integrating, 


z > (sa) 


Since x = 0, y = 0, thenC, = — 19.82 


Thus, 


y = 19.82 (cosh( 5) - i) w 


Slope of the cable at point A is 
2 = tn 60° = 1,732 
Using Eq. (3), 

San = 19.82 (1.732) = 34.33 m 
Length of chain on the ground is thus 
& = 40 ~- 34.33 = 5.67m Ans 


From Eq. (1), withs = 34.33 m 


34.33 


x = 19.82 (sint'( 


) = 26.10 m 


Using Eq. (4), 


y = 19.82 (cosb(2) - 1) 


dsyz: 19.8 m Ans 
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7-125. Determine the internal normal force, shear force, 
and moment at points D and E of the frame. 


150 Ib 
Stan30°ft 


(+ IM 20; — Fep(8) — 150(8tan30°) =u 


Fep = 86.60 Ib 


Since member CF is a two- force member 
 =M 20 


Np = Fegz#86.6 lb 


(+ i =O; B,(12)-150(8tan30*) = 0 


B, = 57.735 b 


2F,=0; Ng=0 
+TIF,=0;  %+57.735-86.60=0 
Ve = 28.9 lb 
(+2Me = 0; 57.735(9) - 86.60(5) —M, = 0 


Mg = 86.6 lb-ft 


Fip= 66-60 Ib 


4ft 
By=57 735 1b 
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7-126. The uniform beam weighs 500 Ib and is held in the 
horizontal position by means of cable AB, which has a 
weight of 5 lb/ft. If the slope of the cable at A is 30°, 
determine the length of the cable. 


250 
Ts —— = 

sin 30° = 
Fy = $00 cos 30° = 433.0 lb 
From Example 7-13, 


4,1 
a mo" + Ci) 


ats = 0,2 = an30 = 057 


oe Cc = 433.0 (0.577) = 250 


zs fe {in os + co] + a} 


= 433.0 finn-f 1 
3 {via [aot - 250)] . a 


s2=Oaxr=0, C, = - 0.5493 
Thus, 


x= 86.6 {ena hese + 250)] = osass} 


When x = 15 ft, 


32 182f Ans 
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7-127. The balloon is held in place using a 400-ft cord that 
weighs 0.8 lb/ft and makes a 60° angle with the horizontal. If 
the tension in the cord at point A is 150 Ib, determine the 
length of the cord, /, that is lying on the ground and the 
height h. Hint: Establish the coordinate system at B as 
shown. 


Deflection Curve of The Cable : 


ds 


ae Ce where wo = 0.8 lb/ft 
[1 +( 1/43) (Uwods)*] 


r= 


Performing the integration yields 
Ff aft Fy = 75.0 lb 
x zs [;couec]+cs} From Eq,(3] 


0. 
© tan cr ao 5 = 162.38 ft 


dy a& 75 


1 1 
7 x) wots = 7 (oer+c) 
Thus, 1s 400~ 162,38 = 238 ft 


Boundary Conditions : 
Substituting s = 162.38 ft into Eq. [4], 


dy 1 
3 70 ats =0. From Eq. [2] O= = (0+G) Cc, =0 


Then, Eq.[2] becomes 
=tang= O.8s 
Fg 


s=0atx=0 and use the result C, = 0. From Eq.[1] 


yal sinh™ + 040) + C, =0 
3 Fy CQ, 2 


308 
162.38 = — sinh} — 
08 (55 x) 


Reaivanging Eq.[1], we have 
x= 123.46 ft 


y th atx = 123.46 ft. From Eq. (6) 


75.0 
h= ra kee 


0.8 


755 012340)]- i] = 93.75 ft 


y =Oatx=0. From Eq.(5] =H cosh 0+C,, thus, C, =-zt 


0.8 
Then, Eq.[5] becomes 
F, 0.8 
ral) o 


The tension developed at the end of the cord is T= 150 Ib and @ = 60°. Thus 
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